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Abstract 
Network security is concerned with protecting sensitive information, limiting unauthorised access, and 
reinforcing network performance. An important factor in network security is encryption. Internet Security 
Protocol (IPSec) is the de facto open standard for encryption and replaces the older Cisco Encryption 
Technology (CET). Both encryption protocols are typically implemented and managed using the text based 
Command Line Interface (CLI). A graphical user interface (GUI) is available; however, it is not routinely used. 
Regardless of whether the CLI or GUI is used, both encryption suites are complex to implement and manage. 
State Model Diagrams (SMDs) were developed and successfully used as the pedagogical foundation of 
internetworking technologies. SMDs integrate pertinent output from devices and protocol finite state 
information. SMDs are modular and hierarchical models thereby providing top down deconstruction as a 
cascaded structure. In terms of ease of use, hyperlinks may be used to navigate between different state tables 
and diagrams. Moreover, as hierarchical model characteristics allow technical detail to be presented and 
integrated to assist in managing devices. In this paper, SMDs were used to evaluate CET and IPSec via 
experiments in order to determine their potential value as network management tool.  

Keywords  State Model Diagrams, Network Security, Network Encryption, Diagram 

INTRODUCTION  
In computer networking security, controlling complexity is a problem for many devices such as routers, 
firewalls, and virtual private network gateways. These devices may or may not require different configurations, 
depending upon their purpose (Guttman et al., 2003). Deri (1996) stated that an increasing complication and 
disparateness of new-networked technologies has pushed the internetworking industry and research and 
development fields towards a coherent way of network security management. Moreover, awareness of network 
security issues is an important topic for organizational business and this includes other areas where 
internetworking technologies are an essential part of the organizations (Deri, 1996). Furthermore, the demand 
for trained network security professionals has increased exponentially due to the wide range of attacks upon 
computer networks (Ariyapperuma & Minhas, 2005). There are an increasing number of people, practicing 
professionals, network managers and advanced IT students who wish to understand and cope with the basis of 
security in internetworking technologies in order to protect computer networks.  

 

There is a range of security protocols to protect networks. Network security is a primary concern for many 
enterprise organizations, companies, and academic institutions. These organizations need to implement security 
throughout their corporate network to prevent unauthorized access and to protect their information (Cisco 
Systems, 2007a). For instance, a protocol analyser tool can read packets and gain classified information (Cisco 
Systems, 2002a); consequently, the use of the encryption mechanism provides a means to safeguard network 
information that travels from one side of the network to another, across unsecured networks. The encryption 
mechanism is particularly important when classified, confidential, or critical information is sent (Cisco Systems, 
2003). Hence, this paper aims to evaluate the modelling of security devices and protocols with State Model 
Diagrams (SMDs). 

THE GENERAL PROBLEMS OF NETWORK SECURITY 
With a lack of appropriate network management tools, a network is exposed to huge potential direct and indirect 
costs due to insecure networks. Andrew (2005) noted that security is a well-known problem for the business 
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community. These costs include the manual operation involved in fixing problems and system downtime while 
the network system is maintained (Andrew, 2005).  

Considering staff issues, this issue mainly relates to inappropriate user action both accidental and fraudulent. 
Network security and network management tools are evolving at an ever-increasing rate and so is, unfortunately, 
complexity. Despite an abundance of technical controls, there are still a disproportionate number of information 
security breaches. Schultz (2005) pointed out that fundamentally, the primary problems in network security are 
mostly related with network administrators and network managers, and not technical problems. People need to 
interact positively with technology and overly complex technologies may lead to problems. Unfortunately, some 
security-related technologies do not have very good usability and it requires many user interaction steps or 
involves non-intuitive task sequences (Schultz, 2005). Moreover, Johnston et al. (2003) note that most computer 
users are exposed to technology through user interfaces based upon their experience, even though these 
interfaces were designed to help the user’s understanding of and to increase productivity in using a particular 
technology. However, when they find it difficult to use a poorly designed interface they may not use it 
productively. A Graphical User Interface (GUI) ought to make a computer system as easy to use as possible; 
conversely, work by Johnston et al. (2003) suggests that security GUIs are merely more complex and may make 
a system more difficult to use.  

According to Wool (2004), a system administrator must have sufficient experience to configure and manage the 
computer system in order to realize an appropriate security policy for the particular needs of the company 
manages its firewalls. A firewall configuration consists of a sequence of filtering rules and each filtering rule has 
a matching part, and an action part. The matching part of a rule consists of values for various fields in a packet 
header. When a packet enters the firewall, the firewall runs through a sequence of rules until it finds a rule that 
matches the header values in this packet, and takes action to apply in that rule. If no rule matches, a default 
action occurs.  

Cisco internetworking devices and protocols are often configured and managed using by the hierarchical text 
based – Command Line Interface (CLI). The CLI is a tool used by practicing professionals but novices find it 
difficult to use and may be assisted to gain understanding via the use an appropriate model (Maj & Tran, 2006). 
According to Barnett et al. (2001), a model is a powerful learning tool for helping people understands complex 
systems. In particular, learning and managing the methods and processes of computer systems through models 
may result in a better understanding for the learners (Jackson et al., 1995). SMDs were designed in order to 
assist learning (Maj & Kohli, 2004). SMDs are a type of diagrammatic modelling method and are based upon 
abstraction. Abstraction has been used by many researchers to mean a process, or a model of identifying details 
which, in a given context, are essential. These details should be visible while non-essential details can be hidden 
(Frantz, 1995; Veal, 2003; Perrennet et al., 2006). In addition, levels of abstraction can assist to identify 
common components of objects, processes, and models in a way that makes those components re-usable in more 
than one context without needing to repeat all these details in every context (Maj et al., 2000). Both the 
encryption suites, IPSec and CET, are complex to implement and manage. SMDs were successfully used as the 
pedagogical foundation of internetworking technologies. SMDs integrate pertinent output from devices and 
protocol finite state information. SMDs are modular and hierarchical models thereby providing top down 
deconstruction as a cascaded structure. In terms of ease of use, hyperlinks can be used to navigate between 
different state tables and diagrams. Hierarchical model characteristics allow technical detail to be presented and 
integrated to assist in managing network security devices.  

Furthermore, the data from the text-based CLI of internetworking devices can be extracted into the SMDs. An 
example of SMDs is two personal computers connected to a router as shown in figure 1. SMDs are 
diagrammatic, and easy to use and to understand. According to Maj, Kohli and Murphy (2004), the models are 
deconstructed as a hierarchical top-down structure, which covers the essential information concerning all 
networking devices. The models also provide a useful framework, via the OSI model, to categorise devices and 
protocols, while the details within SMDs are associated with networking device configuration (Maj & Tran, 
2006). In addition, the diagram extracts the relevant data from the different CLI outputs and then transforms 
such data into a simple single diagram (figure 1): 
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Figure 1: a SMD for the simplest network (Maj, 2007) 

 

According to Maj et al. (2005), the advantages of using SMDs for controlling details in internetworking devices 
are: 

 

• Only essential key information from CLI are conveyed  

• The SMD contains sufficient information for managing internetworking devices 

• As a diagrammatic and abstract model, the SMD is easy to use and improves the understanding of the 
network and users will have logical and physical views of the network 

• SMDs allow hierarchical top-down structure to control details 

In October 1997, Cisco Systems launched The Cisco Networking Academy Program (CNAP) at a cost of US 
$75 million. CNAP courses are available in approximately 10,000 local academies, in over 150 different 
countries and there are approximately 500,000 participating students (Cisco Systems, 2007b). Most CNAP 
contents are based on the CLI, which provides both advantages and disadvantages. In terms of advantages, CLI 
is a common interface tool, which provides greater control of the system. CLI consumes less computer resources 
as it operates on text-based commands. However, CLI does not offer the ability to view in multiple computer 
screens, and is difficult for novices to use effectively. More complex systems and large networks require 
memorization of certain factual situations, and use more complex CLI, in order to gain network familiarity to 
operate the security systems. Hence, the CNAP curriculum, as known, has no simple diagrammatic model; this 
circumstance makes CLI is difficult to get efficiently, information for managing and controlling network 
security. This problem is exacerbated for large networks.  

Computer models are often based upon conceptual models (Maj et al., 2000; Menasce et al., 1999). Models 
should be easy to use and to understand. These models should not depend too much on the core technology, and 
they should provide the users with a more meaningful communication in term of the way of looking at the 
systems. In addition, they should offer the ability to hide none-essential information with top-down 
deconstruction, so that the models offer the user to construct meaningful information (Maj et al., 2004). 
Moreover, Menasce et al. (1999) noted that a model could be described as the body of information about a 
system for studying the system. Thus, SMDs are visual models, which take advantage of any of these limitations 
to display simply the operation of the network, by using simple diagrams. SMDs also represent the theoretical 
concepts of the internetworking technologies in use. By integrating the SMDs into network security devices and 
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network protocols, network administrators, network specialists and IT professionals can have a complete picture 
of the network and its security this yields a better understanding and a better view of the physical as well as 
logical network topologies. 

In regarding computer security, the British Computer Society (BCS) (2004) states that computer systems are 
becoming more complex and in some situations, there is no exactly correct way to control how they work. This 
issue also relates with the commands that are used for controlling and managing the systems. The Command 
Line Interface is found on network devices such as routers, switches, and firewalls. The interface allows the 
management and controlling of those network devices. The major advantages and disadvantages between a CLI 
and a GUI are described as follows: 

Characteristics: CLI lacks in style it makes up for in speed and functionality, and the only tools 
necessary are a shell prompt, some service specific commands, and a simple text editor. For GUI, the 
interface is easier for the novice administrator, but the GUI tool often lacks completeness or efficiency 
for the administrator. 

Ease: because of the need for memorization and experience needed to operate a command line 
interface. New users find it difficult to navigate and operate a command line interface while new GUI 
users may have a difficult time for learning to use the mouse to monitor the systems, but using GUI 
interface should be much easier when compared to a command line interface.  

Control: a command line interface has much more control of a file system and operating system whilst 
a GUI provides plenty of control of a file system and operating system. However, advance users may 
require a superior command for that task. 

Speed: a command line interface often only needs to execute a few lines to perform a task. For an 
advanced command line interface users, CLI would be able to get something done faster then GUIs. 

Multitasking: many command line environments have competent of multitasking, but they do not 
provide the ability to view multiple things at once on one screen. For GUIs, GUI users have windows 
that allow a user to view, control, and manipulate multiple things at once, which are commonly much 
faster to do when compared to a command line. 

Low resources: a computer, which is only using the command line consumes much less of the 
computers resources while a GUI will require a lot more system resources because of each of the 
elements that need to be loaded such as icons, fonts and drivers. 

Scripting: A command line interface allows users to write a sequence of commands for performing a 
task or executing a program. For GUIs, users need to create shortcuts, tasks, or other similar actions to 
complete a task before running a program. 

Remote access: By accessing, another computer or networking device across a network, user will be 
able to manipulate the devices and files through using a command line, CLI, or other text manipulation. 
With GUIs, remote graphical access is becoming popular and is possible. Not all computers and 
particularly not all network equipment will have this ability. 

 

(Sisler, 1999) 

NETWORK SECURITY MANAGEMENT 
Network security management is a complex process for managing and controlling which requires knowledge 
and experience. Ariyapperuma et al. (2005) state that the demand for trained network security professionals has 
increased regularly due to the wide range of attacks on computer network. Therefore, network security 
technology plays an important role for protecting all types of sensitive information and network resources. There 
are two types of data encryption, which currently use to protect the information between computer networks: 
Cisco Encryption Technology (CET) and Internet Protocol Security (IPSec).  

CISCO ENCRYPTION TECHNOLOGY (CET): ROUTER TO ROUTER 
Packet filtering devices such as routers, firewall systems and encryption are important components of network 
layer access control (Guttman et al., 2003). This also includes a network data encryption mechanism, which is 
provided at the network layer (layer 3), and it can be encrypted. An IP packet is encrypted and decrypted only if 
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the packet meets criteria that have been established, and the configuration of a router for encryption is set. The 
actual encryption and decryption of IP packets takes place only at routers that are used to configure CET (Cisco 
Systems, 2003). The routers themselves are considered to be peer-encrypting routers while intermediate hops do 
not participate in the encryption and decryption process as shown in figure 2. 

 

 

 

 

 

 

  

 

 

 

Figure 2: IP Packet Encryption (Cisco Systems, 2003) 

Actual text or clear text, not encrypted, traffic that enters a peer router from the secure network side, is 
encrypted, and then forwarded across the unsecured network. When the encrypted traffic reaches the remote 
peer router, the router decrypts the traffic before forwarding it into the remote secure network. IP Packets are 
encrypted between the original router's outbound interfaces and decrypted at the terminal peer router's inbound 
interface (Cisco Systems, 2003). Encryption provides the use of a hidden transformation that requires a secret 
key to encrypt and to reverse the process (decrypt). However, some encryption methods can use the same key to 
both encrypt and decrypt the data. In encryption, there are two keys: one key to encrypt and another different 
one to decrypt which are referred to as asymmetric encryption. In an asymmetric encryption, one of the two keys 
is publicly known and the other is kept secret (Pike, 2002). 

For the duration of the setup of every encrypted session, both participating routers try to validate each other. If 
both authentications fail then the encrypted session will not be established, and no encrypted traffic will pass. 
Both authentications guarantee that they know each other in terms of trusted routers exchanging encrypted 
traffic, and prevent routers from being tricked into sending sensitive encrypted traffic to illegitimate destination 
routers (Cisco Systems, 2003).  
  

INTERNET PROTOCOL SECURITY (IPSEC): ROUTER TO ROUTER 
In the context of the OSI reference model, there are several strategic methods whereby an encryption mechanism 
may be applied. An IPSec is a framework of protocols, and the Internet Engineering Task Force (IETF) 
developed it. The protocols provide security for IP packets and any upper-layer protocol that uses IP services 
(SANS Institute, 2001).  

IPSec provides security for the transmission of sensitive information over unprotected networks which acts at 
the network layer (Layer 3) by protecting and authenticating IP packets between participating IPSec devices, for 
instance, Cisco routers (Cisco Systems, 2002a; Pike, 2002). Network security services with IPSec are provided 
as optional services. These services are: 

Data Confidentiality: the IPSec sender will encrypt packets before transmitting them across a network 

Data Integrity: the IPSec receiver will verify packets sent by the IPSec sender to ensure that the data has not 
been changed during communication 

Data Origin Authentication: the IPSec receiver will authenticate the source of the IPSec packets sent. This 
service is dependent upon the data integrity service 

Anti-Replay: The IPSec receiver can identify and reject replayed packets 

(Cisco Systems, 2002a; Pike, 2002) 

By using IPSec, data can be transmitted across the Internet or any public network without fear of observation 
and modification. This feature also enables applications, namely Virtual Private Networks (VPNs), intranets, 
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extranets, and remote user access. IPSec provides secure tunnels between two peer routers. If IP packets are 
considered sensitive, and they should be sent through these secure tunnels, where they will be defined by 
additional parameters. Then, when the IPSec inside the peer router sees a sensitive IP packet, it sets up the 
appropriate secure tunnel and sends the packet through the tunnel to the remote peer. In the IPSec tunnels, there 
are sets of security associations that are established between two peer routers. The security associations identify 
which protocols and algorithms should be applied to sensitive packets, and indicate the security key to be used 
by the two peer routers. The IPSec mechanism will define what traffic should be protected between two peer 
routers by configuring access lists and applying these access lists to interfaces by way of crypto map sets. 
Therefore, traffic may be selected based upon source and destination address, and port number.  

CET and IPSec are similar in that the access lists are used only to determine which traffic is protected by  IPSec 
and CET, not which traffic should be blocked or permitted through the interface, should protect. Common uses 
of access lists on router configurations define blocking or permitting at the appropriate interfaces. A crypto map 
set can contain multiple entries, each with a different access list. The crypto map entries are searched by the 
router which attempts to match the packet to the access list specified in that entry. After that, when a packet 
matches a “permit” entry in a particular access list and the corresponding crypto map entry is tagged, then IPSec 
is triggered, and connections are established if necessary. Additionally, IPSec uses the Internet Key Exchange 
(IKE) to negotiate with the remote peer router to establish the necessary IPSec security associations on behalf of 
the data flow. The negotiation uses information specified in the crypto map entry as well as the data flow 
information from the specific access list entry (Cisco Systems, 2002a; Pike, 2002). Therefore, access lists 
associated with IPSec crypto map entries also represent which traffic the router requires to be protected by 
IPSec. Inbound traffic is also processed against the crypto map entries. If a packet matches a permit entry in a 
particular access list associated with an IPSec crypto map entry, that packet is dropped because it was not sent as 
an IPSec-protected packet. 

STRENGTHS AND WEAKNESSES OF CET AND IPSEC 
CET is a proprietary security solution introduced by Cisco Systems. Network data encryption is presented at the 
network level (layer 3) and standards are consistent: Digital Signature Standard (DSS), Diffie-Hellman (DH) 
public key algorithm, and Data Encryption Standard (DES). The Internet Engineering Task Force (IETF) 
developed IPSec, which is a framework for open standards to provide security for transmission of sensitive data 
over undefended networks. Similar to CET, IPSec is implemented at the network level (layer 3) and the 
implementation of standards is involved with IPSec, Internet Key Exchange (IKE), Data Encryption Standard 
(DES), MD5 (HMAC variant), SHA (HMAC variant), Authentication Header (AH), and Encapsulating Security 
Payload (ESP). Data authentication, data confidentiality services, and anti-replay services are provided in IPSec 
mechanisms, while CET provides only data confidentiality services (Cisco systems, 1998; Pike, 2002). More 
significantly, IPSec is a modular open standard. 

DISCUSSION MODELLING SECURITY DEVICES AND PROTOCOL USING SMDS 
Security devices and their associated protocols can therefore be quite complex with the corresponding network 
management problems. Even a simple configuration error on a firewall may lead to major security risk. Models 
are very useful diagrammatic forms for controlling detail and extracting complex information (Taylor, 2000). 
Significant model characteristics include diagrammatic, self-documentation, easy to use, and hierarchical top 
down deconstruction to manage every detail. By providing levelling a complex systems can be progressively 
analysed while still maintaining necessary links. Maj et al. (2004) suggest that internetworking devices such as 
switches and routers could be diagrammatically represented using a collection of tables called State Model 
Diagrams (SMDs). The research by the authors shows that SMDs were successfully used for teaching 
internetworking technology curricula.  

According to Maj et al. (2004, p.10), “Using the models it is relatively easy to understand the purpose and 
structure of the devices. The models include implementation details, derived from CLI commands, hence it is 
possible to verify and validate device operation. The modular nature of these diagrammatic models allows the 
user to appreciate the interaction between the different protocols operating on a device. Furthermore, the 
modularity allows one to have a basic model (e.g. a router running the RIP routing protocol) whose functionality 
can be enhanced by the inclusion of additional state tables. Hence the router state model can be used for all the 
main Interior Gateway Protocols – distance vector (RIP, IGRP), link state (OSPF) and advanced hybrid 
(EIGRP).”   

In CET and IPSec, an access-list is applied to encrypt all of data related in IP address; thus, by using ping 
command the results from each station that connects with the router can be operated. For CET, no encryption 
has been associated on web pages on each station including each web page is not encrypted and decrypted when 
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the data are sent and received (Figure 3). However, in IPSec, the encryption is associated with web pages on 
each station that connects with router; therefore, each web page is encrypted and decrypted when the data are 
transmission (Figure 4). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

As a pedagogical tool, the SMDs explicitly integrate the TCP/IP and OSI Reference Model. One of the most 
important features of SMDs is to be able to construct a variety of different levels according to the level of 
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Figure 4: State Model Diagram for IPSec 
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abstraction required (Maj et al. 2005). By focusing on the definition of SMDs, at the initial stage of the 
diagrams, it can be applied into a high-level stack of protocols, which is used to connect between 
interconnection devices. Internetworking devices (switches and routers) are connected together to draw a map 
and then using CLI information map this data with the diagrams. After that, the details of a specific device are 
needed, and the greater technical complexity for that specific device can be acquired. Apparently, the different 
levels of diagram remain stable. The diagrams may be deconstructed to the sublevel that is meaningful for the 
specific purpose, and the diagrams are involved if necessary.  

CONCLUSION 
A number of studies have clearly demonstrated improved learning outcomes when the network curriculum were 
based on SMDs. Significantly SMDs are a universal template that can be used for all network devices and 
associated protocols based on finite state machines. Using SMDs it was possible to extract key data from the 
different CLI outputs in order to populate the SMDs of firewalls running two different security protocols, CET 
and IPSec. It can clearly be seen that the SMD of a firewall is diagrammatic and hence clearly shows the 
relevant detail. Furthermore, firewall SMDs may be used to document a device. Because the key information is 
consolidated into a single diagram, it is relatively easy to understand the purpose and structure of network 
security configurations. It is therefore relatively simple to verify and validate firewall and protocol operation – 
an essential aspect of network management and fault diagnosis. SMDs employ the principle of levelling and 
information hiding; hence, the details of quite a large secure network may be managed.  
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